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Abstract:-
This paper addresses the atmospheric effects on optical channel for short distance multipath communication links. The main 
focus is to study the performance of optical wireless system by using optimal path selection criteria using AHP algorithm. The 
atmospheric parameters such as  air temperature, attenuation due to scattering and absorption , beam deflection, optical noise etc 
under varying atmospheric turbulence conditions were compared  to select a best alternative optical path between transmitter and 
receiver. The performance degradation patterns for multiple optical links are tested to achieve maximum signal to noise ratio at 
every node. The multiple attribute decision method is employed at every node which involves selection from among finite 
number of alternatives. Different alternatives, Attributes, weight or relative importance of each attribute and measure of 
performance of alternatives with respect to the attributes are the main parts in each decision table of MADM methods. The 
simulation results are presented, base on the given finite attribute to achieve the maximum optical link availability as well as 
reliability of data rate in a high speed data network.  
© 2016 The Authors. Published by Elsevier B.V. 
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1.Introduction 
The growing technology of FSO (free space optic) is an appealing alternative to RF communications for 
terrestrial link such as video or computer linkup between the buildings. There is a pressing need for more research 
work on laser communication to provide in depth knowledge of the effects of atmospheric turbulence on optical 
channel.  The outcome of these research works may be useful to study the performance of a short distance (< 5 km) 
free-space optical communication link for high speed data transmission such that it can satisfy the current demands 
of digital data communication networks with high data security.   
Presently LANs are designed to accommodate high speed data traffic such as real time data transfer. These LANs 
are interconnected through optical fiber cable or R.F. channel. However optical fiber cable and R.F. channel may not 
be cost effective and geographically permissible. 
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(mm), Attenuation due to smoke i.e. scattering(dB), Attenuation due to different gases present in the air medium i.e. 
absorption(dB), Distance (km), Wave-length (nm), Beam Deflection due to temperature fluctuation (deg.) and 
Optical Noise interference from unwanted optical source. 
TABLE I: Multiple Attributes and Alternativesȱȱȱ
Optical 
path 
Air 
Temp. 
(Deg. 
Cel) 
Physical 
obstacles (mm) 
Attenuation due 
to  scattering (dB) 
Attenuation due 
to absorption 
(dB) 
Distance 
(km) 
Wave-
length 
(nm) 
Beam 
Deflection 
(deg.) 
Optical 
Noise 
P1 40 High Below Average Low 5 780 Extremely Low High 
P2 43 Exceptionally low Average  Extremely Low 4 980 Low Low 
P3 39 Low Above Average High 3 980 Exceptionally Low 
Below 
Average 
P4 43 Exceptionally low Low High 2 1310 Low Low 
P5 42 High Very Low Very High 5 1550 Below Average Very High 
P6 36 Very High Very High Very Low 3 1310 Exceptionally low Low 
P7 40 Low Very Low Exceptionally low 2 980 High High 
P8 44 Very Low Low High 4 1310 Very Low Very Low 
P9 38 Low Exceptionally Low Low 3 1550 High High 
P10 42 Very High Extremely High Very High 2 780 Very High Very Low 
P11 40 Very High Low Very High 2 980 Very High Very High 
ȱ
Now to design optimal selection criteria, we assume variable for measure of performance as (Cij) which can be 
crisp, fuzzy and/or linguistic. The decision makers can appropriately make use of any of the eight scales suggested in 
[4-5]. For example, an 11-point scale and the corresponding crisp scores of the fuzzy numbers are given in Table II.ȱ
TABLE II: Values of selection attribute 
Qualitative measures of selection attribute Fuzzy number Assigned crisp score 
Exceptionally low M1 0.0455 
Extremely low M2 0.1364 
Very low M3 0.2273 
Low M4 0.3182 
Below Average M5 0.4091 
Average M6 0.5000 
Above Average M7 0.5909 
High M8 0.6818 
Very high M9 0.7727 
Extremely high M10 0.8636 
Exceptionally high M11 0.9545 
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TABLE III : Quantitative values using fuzzy conversion scale for Optimal path selection problem 
Optical 
path 
Air Temp. 
(Deg. Cel) 
Physical 
obstacles 
(mm) 
Attenuation due 
to  scattering 
(dB) 
Attenuation due 
to absorption 
(dB) 
Distance (km) Wave-
length 
(nm) 
Beam  
Deflection 
(deg.) 
Optical 
Noise 
P1 40 0.6818 0.4091 0.3182 5 780 0.1364 0.6818 
P2 43 0.0455 0.5 0.1364 4 880 0.3182 0.3182 
P3 39 0.3182 0.5909 0.6818 3 980 0.0455 0.4091 
P4 43 0.0455 0.3182 0.6818 2 1310 0.3182 0.3182 
P5 42 0.6818 0.2273 0.7727 5 1550 0.4091 0.7727 
P6 36 0.7727 0.7727 0.2273 3 1310 0.0455 0.3182 
P7 40 0.3182 0.2273 0.0455 2 980 0.6818 0.6818 
P8 44 0.2273 0.3182 0.6818 4 1310 0.2273 0.2273 
P9 38 0.3182 0.0455 0.3182 3 1550 0.6818 0.6818 
P10 42 0.7727 0.8636 0.7727 2 780 0.7727 0.2273 
P11 40 0.7727 0.3182 0.7727 2 980 0.7727 0.7727 
 
MADM methods are generally discrete, with a few numbers of predetermined alternatives. MADM is an 
approach employed to solve problems involving selection from among a finite number of alternatives. An MADM 
method specifies how attribute information is to be processed in order to arrive at a choice. Various MADM methods 
reported in the literature [4, 5, 6] we have selected AHP methods to solve optimal path selection problem. 
3. Analytic hierarchy process (AHP) 
Analytic hierarchy process (AHP) is one of the most accepted analytical techniques for solving complex decision 
making problems [6, 7]. A number of useful characteristics make AHP a practical methodology. These include the 
ability to handle decision situations involving subjective judgments, multiple decision makers, and the ability to 
provide measures of consistency of preferences.  
Step 1: Compute the decision matrix: The decision matrix is expressed as 
TABLE IV:  Decision Table in MADM methods 
Alternatives  Attributes (weights) 
B1 (w1) B2 (w2) B3 (w3) - - Bm (wm) 
A1 C11 C12 C13 - - C14 
A2 C21 C22 C23 - - C24 
A3 C31 C32 C33 - - C34 
- - - - - - - 
- - - - - - - 
An Cn1 Cn2 Cn3 - - Cnm 
 
The decision table, given in Table IV, shows alternatives, Ai (for i = 1, 2, . . . , n), attributes, Bj (for j = 1, 
2, . . . , m), weights of attributes, wj (for j = 1, 2, . . . , m) and the measures of performance of alternatives, Cij (for i 
= 1, 2, . . . , n; j = 1, 2, . . . , m). Given multi attribute decision making method and the decision table information, 
the task of the decision maker is to find the best alternative and/or to rank the entire set of alternatives. To consider 
all possibleȱattributes in decision problem, the elements in the decision table must be normalized to the same units.ȱȱ
Step 2: Compute the normalized decision matrix: The attributes can be considered as beneficial or non-beneficial. 
Normalized values are calculated by (Cij)K/( Cij)L, where (Cij)K is the measure of the attribute for the Kth  
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alternative, and (Cij)L is the measure of the attribute for the Lth alternative that has the highest measure of the 
attribute out of all alternatives considered. This ratio is valid for beneficial attributes only. A beneficial attribute 
(e.g., efficiency) means its higher measures are more desirable for the given decision-making problem. By contrast, 
non-beneficial attribute (e.g., cost) is that for which the lower measures are desirable, and the normalized values are 
calculated by (Cij)L/( Cij)K . In considered problem statement distance and wavelength are the only beneficiary 
attributes whereas remaining are non-beneficiary attributes. 
Step 3: Determine the relative importance of different attributes with respect to the goal or objective. Construct a 
pair-wise comparison matrix using a scale of relative importance. The judgments are entered using the fundamental 
scale of the analytic hierarchy process [8-11]. 
TABLE V : Saaty’s 1–9 scale of pair wise comparison 
Intensity of importance Definition 
1 Equal importance 
3 Moderate importance 
5 Strong importance 
7 Very strong importance 
9 Extreme importance 
2 4 6 8  Intermediate values 
Assuming M attributes, the pair-wise comparison of attribute i with attribute j yields a square matrix 
BM*M where bij denotes the comparative importance of attribute i with respect to attribute j.  
In the matrix, bij = 1 when i = j and bji = 1/bij. 
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Find the relative normalized weight (wj) of each attribute by (a) calculating the geometric mean of the i-th 
row, and (b) normalizing the geometric means of rows in the comparison matrix. This can be represented as: 
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The geometric mean method of AHP is commonly used to determine the relative normalized weights of the 
attributes, because of its simplicity, easy determination of the maximum Eigen value, and reduction in inconsistency 
of judgments. 
Calculate matrices A3 and A4 such that A3 = A1 * A2 and A4 = A3 / A2, where A2 = [w1, w2, ….. , wj]T. 
where A1 is relative importance matrix. 
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Determine the maximum Eigen value Ȝmax that is the average of matrix A4. 
Ȝmax = 8.7260 
Calculate the consistency index CI = (Ȝmax - M) / (M - 1). The smaller the value of CI, the smaller is the deviation 
from the consistency. Here M = 8.  CI =  0.1037 
Obtain the random index (RI) for the number of attributes used in decision making. Refer to Table VI for 
details. 
TABLE VI:  Random Index (RI) values 
Attributes 
3 4 5 6 7 8 9 10 
RI 
.52 .89 .11 .25 .35 .4 .45 .49 
Calculate the consistency ratio CR = CI/RI. Usually, a CR of 0.1 or less is considered as acceptable, and it 
reflects an informed judgment attributable to the knowledge of the analyst regarding the problem under study. 
CR = 0.0741 
Step 4: Evaluate each alternative, Ai by the following formula: 
௜ܲ ൌ ෍ݓ௝ሺܥ௜௝ሻ௡௢௥௠௔௟
௠
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where (Cij)normal represents the normalized value of Cij, and Pi is the overall or composite score of the 
alternative Ai. The alternative with the highest value of Pi is considered as the best alternative. 
Score of the individual path is as follows,  
TABLE VII: Score of individual path 
Path No Score 
1 0.5013 
2 0.6365 
3 0.5501 
4 0.6264 
5 0.5177 
6 0.5850 
7 0.5090 
8 0.5203 
9 0.6769 
10 0.4274 
11 0.4460 
Score of every alternative path from transmitter to receiver is as follows, 
TABLE VIII: Composite score of every alternate path 
Path No Score Rank 
P1-P2-P3 1.6879 2 
P5-P6-P7 1.6117 3 
P10-P8 0.9477 4 
P9-P4-P8 1.8236 1 
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P11 0.4460 5 
Conclusion 
A multipath free space optical wireless link has been designed for high speed connectivity between two 
local area networks (LANs) located at 5km distance. The characteristic performance of the optical channel is studied 
under different atmospheric conditions using analytic hierarchy process. Different alternatives and attributes are 
assumed to accomplish best possible optical path. Normalized decision matrix, Relative normalized weight, 
Consistency index, Consistency ratio, Random index values are examined to obtain score of individual path. Results 
are verified and compared using MATLAB simulation environment. It is observed that optical path P9-P4-P8 among 
all other optical paths for given atmospheric condition gives improved performance. Distance and wavelength are 
beneficiary attributes whereas temperature, scattering due to fog and absorption due to air molecules are non-
beneficiary attributes to optimize the performance multipath optical wireless communication system. In future we 
compare these alternatives and attributes with other optimization methods to get best possible optical path between 
transmitter and receiver for wireless optical mobile communication system.ȱȱȱȱ
References 
1. Zhang, J. Proposal of free space optical mesh architecture for broadband access. Proceedings of IEEE, Communication (ICC) ,2002, Vol-4, PP 
2142-2145 
2. M. S. Awan, L. C. Horwath, S. S. Muhammad, E. Leitgeb, F. Nadeem, and M. S. Khan.  Characterization of Fog and Snow Attenuations for 
Free-Space Optical Propagation.  J. Commun.,  2009, vol. 4, no. 8, pp. 533–545.ȱ
3. R. S. Lawrence and J. W. Strohbehn. A Survey of Clear-Air Propagation Effects Relevant to Optical Communications.  proceeding IEEE,  
1970, vol. 58, no. 10, pp. 1523–1545.ȱ
4.W. R. Leeb. Degradation of signal to noise ratio in optical free space data links due to background illumination. Appl. Opt., 1989,vol. 28, no. 
15, pp. 3443–3449.ȱ
5. R. Rao. Decision Making in the Manufacturing Environment Using Graph Theory and Fuzzy Multiple Attribute Decision Making. Springer
series in advanced manufacturing, 2007.ȱ
6. R. Rao. Decision Making in Manufacturing Environment Using Graph Theory and Fuzzy Multiple Attribute Decision Making Methods. 
Volume 2, Springer series in advanced manufacturing, 2013.ȱ
7. S.J. Chen and CL. Hwang. Fuzzy multiple attribute decision making-methods and applications. Lecture Notes in Economics and Mathematical 
Systems, Springer, New York, 1992. 
8. T. L. Saaty, The analytic hierarchy process, planning, priority setting, resource allocation. New York: McGraw-Hill, 1980ȱ
9. T. L. Saaty. Fundamentals of decision making and priority theory with AHP. RWS Publications, Pittsburg, 2000. 
10. E. Triantaphyllou. Multi-criteria decision making methods: a comparative study. Springer, London, 2000. 
11. CL. Hwang and KP. Yoon. Multiple attribute decision making: methods and applications. Springer, New York, 1981. 
